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THE USE OF ALFALFA CUBES AS PARTIAL REPLACEMENT FOR
CONVENTIONAL ROUGHAGES AND PROTEIN SOURCES

M. Hadjipanayiotou and S. Economides

SUMMARY

In most Mediterranean countries domestically produced forage is not readily availa-
ble during dry years. As a result, pelleted or cubed alfalfa of high density is imported.
Two trials using 48 lactating Chios ewes (59+7.6 days in milk) and 18 Friesian cows
(75£50 days in milk) were carried out to study the effect of partial replacement of long
barley straw with alfalfa cubes (3.2x3.2x2.6 cm) in isonitrogenous and isofibrous diets,
on milk yield and milk composition. There was no difference (P>0.1) between treat-
ments for milk yield (Cows: control 20.9, cubes 21.2; Ewes: 1.73, cubes 1.66 kg/head/
day), fat corrected milk yield, milk composition and initial and final body weight of the
animals. All cows on alfalfa cubes showed mild bloat symptoms during the first 16
days of the experiment, which were restricted (o four animals later ort. There was no
difference between diets in rumen ammonia-N concentration, but there was a trend
(P<0.08) towards lower ruminal pH in ewes on cubes compared to the control group.
Based on the findings of the present study it can be concluded that in dry years, import-
cd alfalfa cubes can be used as partial replacement {or scarce domestic roughages and
of imported protein sources, but the introduction of cubes should be gradual (over a pe-
riod of 7 to 10 days), and be proceeded by of long forage to eliminate adverse effects
due to bloat.

INEPIAHWH

2TUG TEQLOOOTEQES MECOYELOKES XWDQES, OF TEQLOOOVS ENQACLAS, TUQUTNQELTUL
GORUQT EAREVNPT XOVOQOELOMV TQOWNV LE UTTOTEAELOUA 1 XKUTTUQIVN VA tTOTEREL TO
O OUTTUVNQEO CLOTUTLXO TOV OLTNEECIOV. XOVOQUELDEIS TOOWES ELOGYOVTOL GITO TO
EEWTEQUXO OF Lo XUPWV (#UBoL 5 1 9 mm) v ovpnxTwv (3.2 X 3.2 X 6.0 cm) 7Tov
éyouv eyauteon (330 ke/m3) munvoTnTa Ko YaUnAOTEQX GTd TOUS 0avOUg *OOTA
LLETCPOQAS. ZTIV QYOG AUTH XONOWOTOWONKaY 18 YuhartopdQes ayeAtOss TG
Dorohavounc euing (Melgoua 1) xal 48 Xuwtweg moofativeg (Tlelgaua 2). Ta
oo Tov ®ABe eldove ywolotnxav pe BEon TN YUAUKTOTOQAYM™Y TOUS 0F OO
OUOLOHOQWES OUGOES UL XOTOVEUNONZOV TuYaia 0TO PAQTUQA (GUUITUXVOUEVO
wiype Ymine eQLexTirOTNTaG 08 mETElvn, 19.6% o1 Snen ovoia, ouvv 5 yAy
AV #OLBAELOV) %al TN OKLWY (CUILTUAVOUEVO LY. XOUUNAING TTEQLEXTIXOTNTAG
oe TQWTETVN, 15.6% o1 Enon ovoia, cuv cUUTTNYTA UNOWNG). 21N JOXLUT, £YLVE
QVTLROTAOTUON 3 YAy 000V UE S Ay CUOUWTLTOV. 210 O %ol Tmv OV0 OLTNQE-
Glov 1 evEQYELD, TOMTETVY ®UL RVTTAGIVN NTAV AVEAOYN UE TLS AVAYRES CUVTHQN-
ONg %Al TTOQAYMWYNG. AV VITNOEE dLUPOQE UETASY TV dVO OLTNQECIWV, 0TV OALXY
YOAURTOTUQAY WYY, ATTOG, TTQWTETVN, harTOIN ®aL OAXE 0TEQE( TOU YHAUATOG TWV
Cowv oTe 000 oltneéota. TTagatnendnxe xdmoua téon yauniotepov pH oTLg mo-
Bativeg mov EmalQvay CUWTNXTA Unowxs. H OlaoraoTivdTnTa TG TOWTETVNG TWV
OUUTINATWV 1Tay 64 % %L (OM Le ONUOCLEVUEVES TULES YLt 6OYLAL (65%) YeYOVOS TOV
eEnyel xat TNV (oM CLYZEVTOWON CULUWVINS 0TN LEYAAN ®OLAL TV TTRoBativwy ota
OV0 oLTNEESLEL. OLES OL OlYEAGOES TTOU TTNOUY CUUINYTC TTOQOVCLUONY OUILITTOUAT
TUWTAVLOUOU TLE TOWOTES 16 MUEQES, EVID UETETELTO O TUWTAVLOROS TTEQLOQLOTY|XE
LOVO o€ 4 ayehddegc. Me Aon T O AV UTOTEAEOUOTO CUUTEQOLVETAL TTWG T,
CUUTINATU UTTOQOVV VA YONOLUOTTOLNBOUY 0OV UEQLXO LITOXATACTATO TOU (Y UQOV
®OLONG %L 0oy, AaUBAvovTag OUmg VITOYN TIS TEQUTTMOELS TUUTTAVIOUOY TTOV
TTAQOUOLACTNRAY (VAL KUAO TO. GULLTNATO VO SlOOVTOL OTUOLUNA KUL VO OHOLOU-
Bovv N 0ONYNON A VQOU 1) GavOU IMUNTOLOXWY. Me BAom TN WEOT TLUY TWV EL0a-
vouevay ooprtntov (£100/1) kol ™ maoayoyxdtyta Tov Lhwv galvovial mws
YO0 TV OCVUITNLTWV (VAL OLXOVOLLAEG BLOCLILT OTAV TO GXUQO0 TLUATOL 0TLC £60/T
(OUVONRES ENOWV YQOVWV) ®KAL 1) TLUN TNG 0OYLAG ebvan epimou £170/T.



INTRODUCTION

Provision of adequate fibre is important to
balance rations for ruminants. To maintain
healthy ruminal function and to avoid milk
fat depression, the NRC (1989) recommends
a minimum of 25 to 28% fibre, measured as
Neutra Detergent Fibre (NDF), with 75% of
the total dietary NDF being supplied by for-
ages. For diets that contain nonforage fibre
source and minimal forage, dietary concen-
tration of forage NDF, and particularly the
particle size of the remaining dietary forage,
are crucial for stimulating rumination (Grant,
1997), because most nonforage sources do
not stimulate chewing as effectively as long
forage. Mertens (1997) reported that chop-
ping forages through 40 mm mesh-screens
reduces chewing activity to 80% of the un-
chopped original material, whereas grinding
of forage may reduce chewing activity to 20
to 60% of that of long forage.

During dry years in most Mediterranean
countries, domestically produced forage is
not readily available. Much of the forage is
imported and, consequently, fibre is the most
expensive component of dairy cow diets. Im-
ported forage is pelleted or cubed to increase
density and reduce shipping costs. However,
the cubing and pelleting process reduces for-
age particle size, which reduces the time that
animals spend chewing (Mertens, 1997), in-
creases ruminal acidity (Klusmeyer et al.,
1990), which is associated with animals go-
ing off feed (Eriksson et al., 1968), depresses
fibre digestion (Whiting et al., 1976), in-
creases rate of particulate passage from the
reticulo rumen (Rode and Satter, 1988), and
may result in milk fat depression (Klusmeyer
et al., 1990). The objective of the present
work was to study the effect of partial re-
placement of long barley straw by imported
alfalfa cubes on milk yield, milk composi-
tion, ruminal pH and ammonia-N in isoni-
trogenous and isofibrous diets fed to lactat-
ing Friesian cows and Chios ewes.

MATERIALS AND METHODS

Two trials using lactating Chios ewes and
Friesian cows were carried out to study the
effect of partial replacement of long barley
straw with alfalfa cubes in isonitrogenous
and isofibrous diets, on their milk yield and
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composition.  Alfalfa cubes measured
3.2x3.2x6 ¢cm and were made from 5 cm-
long dehydrated alfalfa slices. Samples of
feeds offered were collected routinely, com-
posited, and analyzed in triplicate for DM,
OM, CP, CFi, ADF, NDF and ADL (Harris,
1970). In vitro digestibility of organic matter
in the dry matter (D) of the roughages was
determined following the procedure of Tilley
and Terry (1963) as modified by O'Shea and
Wilson (1965). In both trials, animals had
free access to water.

Rumen degradability of DM, OM and CP
of alfalfa cubes was measured using three
Chios ewes (average weight 65 kg) fitted
with permanent rumen cannulae. Fistulated
animals were kept in individual pens with
concrete floors bedded with wood shavings;
they were fed (g/animal/day) on 500 concen-
trate, 250 barley hay and 250 lucerne hay.
Cubes were incubated for 2, 5, 8, 24 and 48
h in nylon bags (three bags/incubation inter-
val) in the rumen of the animals as outlined
by Hadjipanayiotou et al. (1988). Samples
were analyzed for DM, OM and CP before
and after incubation. The mean of the three
bags per incubation interval was used for
calculations (Orskov and McDonald, 1979).
Processing and handling of the samples be-
fore and after incubation was as outlined by
Hadjipanayiotou et al. (1988).

Cows. Eighteen Friesian cows (75 + 50 days
in milk) were used. They were stratified
based on individual milk yield, and random-
ly allocated to either the control (C) or the
alfalfa cubes (A) group. Animals on the C
diet were offered 5 kg of long barley straw
along with a concentrate mixture high (Hc)
in CP content (Table 1); animals in group A
were offered 2 kg straw and 5 kg alfalfa
cubes along with a concentrate mixture of
low (Lc) CP content (Table 1). The two
groups were housed in two adjacent open-
vard pens with adequate shaded area.
Roughages were fed in groups, and concen-
trates individually in five equal meals daily
via a computerized feeding system at regular
intervals throughout the day: any residues
were offered in a 6th meal. The concentrate
feed allowance intended to cover the remain-
ing, in addition to nutrients supplied by the
roughage, maintenance, growth (first and
second lactation cows), and milk production



Table 1. Composition (kg/t) of concentrate mixtures fed to lactating Friesian cows and Chios ewes on two

treatment diets

Cows

Concentrate High
Rolled barley 738
Soybean meal 190
Wheat bran 50
Dicalcium phosphate 2.5
[.imestone 14
Salt 3.5
Vitamin trace element mixturet 2

Ewes

Low High Low
728 758 855
100 170 73
50 50 50
2.5 3.0 3.0
14 13 13
3.5 4 4
2 2 2

"The vitamin-trace element mixture supplied 6000 1U vitamin A, 1000 LU. vitamin Dx. 8.5 L.U. vitamin E,
23 mg Mn, 1.75 mg 1. 45 mg Zn, 30 mg Fe, 2 mg Co and 60 mg Mg per kg concentrate mixture (as fed
basis). The premix used for cows supplied also and 8 mg Cu.

requirements (NRC, 1989) were adjusted
once every fortnight based on body weight
(BW) at the beginning of the trial and on fat-
corrected milk yield of the previous fort-
night. Body weight of the cows was recorded
on two consecutive days at the beginning
and at the end of the 63-day trial. Individual
milk yields were recorded daily. Milk sam-
ples were analyzed for fat and protein
(MAFF, 1973) once every fortnight. Data
were analyzed using a general linear model
procedure (SAS, 1989) that accounted for
treatment (Control or Cubes), lactation num-
ber (1. 2 or 3), treatment by lactation number
interaction and days in milk as covariate.

Ewes. Forty eight Chios ewes of 59 + 7.6
day in milk were used. They were paired
based on individual milk yield, and random-
Iy allocated to either the control or the alfalfa
cubes group. The two groups were housed in
two adjacent pens. Ewes on the control
group were offered 0.76 kg of long barley
straw plus a concentrate mixture of high
(He) CP content (Table 1) to meet their re-
quirements for maintenance (0.401 MJ ME/
kg WU73) and milk yield (Economides, 1986).
Dietary ME MJ per kg of milk was estimated
from the equation Y=((1.94 + 0.43X)/0.62),
where X is fat percentage and 0.62 the effi-
ciency of utilization of dietary ME for milk
yield. Ewes were machine milked at 07.00
and 14.30 h. Individual milk vields were re-
corded twice a week on two consecutive
days during the 50-day experimental period.

Milk samples were analyzed for fat, lactose,
total solids and CP (MAFF, 1973) four times
through the trial. Ewes were weighed on two
consecutive days at the beginning and at the
end of the trial. Ewe performance data were
analyzed using a general linear model proce-
dure (SAS. 1989) that accounted for treat-
ment (control or alfalfa cubes), lactation
number (2, 3, 4, 5, 6, 7, 9), treatiment by lac-
tation number interaction and initial milk
yield as covariate.

RESULTS

The chemical composition of concen-
trates and roughages is in Table 2. The effec-
tive DM, OM and CP degradability of alfalfa
cubes at 5% outflow rate were 50, 46 and
64%, respectively. There was no difference
either in the mean group intake of CFi, NDF
and ADF intake or in the concentration of
the two total diets. Data from one cow and
one ewe on the control group were excluded
from the analysis because of mastitis, which
was not associated with dietary effects. All
cows on alfalfa cubes showed mild bloat
symptoms during the first 16 days of the ex-
periment. Later on, bloat signs were restrict-
ed to 4 cows, but one of them showed a seri-
ous bloat problem and was punched with
frocar.

Data on the performance of lactating Chi-
os ewes and Friesian cows are in Table 3.
There was no difference (P>0.1) between
treatments for milk yield, fat corrected milk
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Table 2. Chemical composition (g/kg DM) of concentrate mixtures and roughages used in the two trials

CFi

DM OM CP ADF NDF ADL D
Cow trial
Concentrate (High) 887 960 196 54 2 196 10 868
Concentrate (Low) 886 960 156 40 72 202 11 843
Barley straw 900 926 39 394 504 802 47 421
Alfalfa cubes 890 886 170 274 347 428 72 563
Ewe trial
Concentrate (High) 880 950 179 59 75 231 20 ND
Concentrate (Low) 875 947 141 49 66 233 26 ND
Barley straw 897 946 48 390 451 759 50 405
Alfalfa cubes 879 882 179 270 357 452 82 595
ND= not determined.
Table 3. The etfect of feeding alfalfa cubes on the lactation performance of Friesian cows and Chios ewes
Cows Ewes

Treatment Control Cubes SD Control Cubes SD
No. of animals 8 9 23 24
Milk yield (kg/day) 20.87 21.20 3.46 1.73 1.66 0.40
FCM (4%) yield (kg/day) 21.02 20.14 2.64
Milk composition (g/kg)
Fat 40.4 37.3 5.89 64.0 67.0 7.7
Crude protein 32.3 30.9 t.47 57.0 57.0 3.2
Lactose 51.0 51.0 2.1
Total solids 181 18] 9.1
Rumen NH5-N (mg/100ml) 24 22 6.3
Rumen pH 6.7 6.5 0.28
Feed intake (kg as fed basis/head/day)
Concentrate 13.81 .44 1.36 1.98 1.80
Alfalfa cubes 5.0 0.61
Straw 5.0 2.0 0.68 0.39
CFiintake (g/h/day) 2417(144)  2648(161) 340(145)  361(147)
ADF intake (g/h/day) 3110(186)  3594(219) 405(173)  456(185)
NDF intake (g/h/day) 5978(357)  6139(374) 866(370)  882(339)
Initial BWT (kg) 556 559 47.6 66.5 66.9 5.65
Final BWT (kg) 555 544 38.7 69.0 68.8 6.76

9.00

BWT change (g/day) -19

-24 269 51 40

Values in parenthesis are concentrations (g/kg DM); BWT= body weight.

yield, milk composition and initial and final
weight of the animals. The lactation curves
of cows and ewes on the two treatment
groups (Fig. | and 2) show that response to
treatment was similar throughout the experi-
ments, and the signs of bloat most likely did
not seriously affect milk yield. There was no
difference between diets in rumen ammonia-

N concentration, but there was a trend to-
wards lower ruminal pH in ewes on cubes
compared to the control group.

DISCUSSION

Although roughage is accepted generally
as reducing the degree of bloat, alfalfa hay is
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Figure 1. Daily milk yield of cows fed on isonitrogenous diets with either alfalfa cubes or barley straw.

considered by feedlot operators to be a bloat-
provocative roughage (Clarke and Reid,
1974). Frequent incidence of bloat symptoms
was noted in cows on the alfalfa cube treat-
ment in agreement with Howarth et al
(1986) who indeed, reported that the superior
nutritive value of lucerne is reduced by fre-
quent and often severe bloat. The present
findings showed that alfalfa cubes can be
used as partial replacement for long barley
straw. The incidence of bloat, however,
should not be overlooked, and cows should
be gradually adjusted to cubes. Inter-species
differences in bloat occurrence observed in
the present study, agree with the conclusion
of Clarke and Reid (1972) that although
bloat may occur also in sheep, it is predomi-
nantly a disorder of cattle.

Several experiments reveal that the pro-
tein in alfalfa is utilized inefficiently by lac-
tating cows. Cows produced less protein and

milk with depressed protein content when
fed alfalfa silage or hay than when fed isoni-
trogenous diets based on corn silage and soy-
bean meal (Broderick, 1985). The lower pro-
tein value of alfalfa has been ascribed to
susceptibility to degradation in the rumen. In
the present study, nitrogen in alfalfa cubes
was utilized as efficiently as that of the con-
trol diet (straw plus soybean meal): the latter
can be ascribed to an increase in the net es-
cape of dietary protein due to heat of alfalfa
prior to cubing. The effective CP degradabil-
ity values of cubes (64% at 5% outflow rate)
used in the present studies were lower than
those previously reported (NRC, 1989) for
alfalfa hay (72%) and silage (77%) and close
to values for soybean meal (65%) reported
by the same agency; the latter is in accor-
dance with the same levels of rumen ammo-
nia-N and the absence of differences in milk
yield and milk protein content in the two
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Figure 2. Daily milk yield of ewes fed on isonitrogenous diets with either alfalfa cubes or barley straw.

diets.

Beauchemin and Rode (1997) stated that
the optimal NDF concentration depends on
the milk yield potential of cows; 4% fat cor-
rected milk yield (FCM) was maximal at
36% NDF for cows in late lactation that
yielded around 20 kg/day, but 32% NDF op-
timized FCM vyield for cows that yielded 30
kg/day in early lactation. The concentration
of NDF (around 36%) in the present studies,
therefore, was optimal for both treatments,
and the animals could attain their maximum
potential. Our findings agree with those of
Poore et al. (1991) where dry matter intake
and actual and fat corrected milk yield were
not influenced by forage NDF source. Circa
60 and 68% of the dietary NDF was supplied
by forage in the control and the cube diet, re-
spectively, which are lower than those (75%)
recommended by NRC (1989).
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Generally, total chewing time decreases
as dietary forage NDF or particle size de-
creases. However, in some instances, rumii-
nation per unit of forage NDF intake in-
creased when the dietary NDF concentration
and forage particle size were reduced. This
has been ascribed to an adaptive mechanism,
whereby cows ruminate more effectively
(more chews per kg of forage NDF intake)
under conditions leading to less chewing ac-
tivity (Grant, 1997). The latter might explain
the non significant difference in rumen pH
between the two diets in the present work.

The present studies, in line with others,
have demonstrated that it is physiologically
feasible to feed alfalfa cubes as partial re-
placement for long forages and protein sup-
plements. With a mean price for alfalfa
cubes of £100/t, and prices for different feed
ingredients and milk presented in Table 4,



Table 4. Economic analysis of the data for lactating Friesian cows offered dehydrated alfalfa cubes (A) or a

conventional (C) diet

Price of soyabean meal (£/t)

130
Price of barley grain (£/t) 45 R0
Price of straw (£/t) 30 60 30 60
Feed costs (£/cow/day)
Control 0.88 1.03 1.17 1.3
Cubes 120 126 153 1.5
Returns above feed costs
(£/cow/day)
Control 277 262 248 233
Cubes 251 245 218 21

170 180
45 80 45 80

30 60 30 60 30 60 30 60

113 128 149 l.o4 1.16 131 152 L67
1.25 131 158 1.64 1.26 1.32 159 1.65
252 237 216 201 249 234 214 199
246 240 213 207 245 239 212 206

Price (£/t) of cow milk and of other individual feed ingredients: cow milk 175; wheat bran 60; urca 124
dicalcium phosphate 207; litnestone 22; salt §0; vitamin trace element mixture 802.

the use of alfalfa cubes can be economically
justified only if the price of straw is £60/t
and that of soybean meal (45% CP as fed ba-
sis) around £170/t.
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